Introduction
It is known that calibrating different stochastic process models to the same vanilla option surface would yield different exotic option prices.
What is not clear is the precise magnitude of these differences within the context of models calibrated to actual market prices.
We provide a study on the effect of model risk by considering four different models: variance gamma (VG), constant elasticity of variance (CEV), local volatility, and variance gamma with stochastic arrival (VGSA). 
Variance Gamma (VG) Process
The VG process X(t; σ, ν, θ) is obtained by evaluating Brownian motion with drift θ and volatility σ at a random time given by a gamma process γ(t; 1, ν) with mean rate unity and variance rate ν as
Suppose the stock price process is given by the geometric VG law with parameters σ, ν, θ and the log price at time t is given by X(t; σ, ν, θ) where
is the usual Jensen's inequality correction ensuring that the mean rate of return on the asset is risk neutrally (r − q).
Constant Elasticity of Variance (CEV) Model
CEV process assumes that the asset price follows the process
Local Volatility Model
Consider the stock price process as a solution to the stochastic differential equation
where the function σ(S, t) is termed the asset's local volatility function.
Variance Gamma with Stochastic Arrival (VGSA)
To obtain VGSA, we take the VG process which is a homogeneous Lévy process and build in stochastic volatility by evaluating it at a continuous time change given by the integral of a Cox, Ingersoll and Ross (CIR) process.
The mean reversion of the CIR process introduces the clustering phenomena often referred to as volatility persistence. This enables us to calibrate to market price surfaces that go across strike and maturity simultaneously.
Calibration of VG Parameters
Using out-of-the-money call and put European option prices for S&P 500 Octobet 19, 2000, we obtained following 
Local Volatility Calibration
This surface is obtained using the Dupire methodology applied to VGSA call prices obtained using the estimated VGSA parameters. Having derived the local volatility surface σ(s, t) we can price the up-and-out call prices by solving the following partial differential equation
Numerical Results (Comparisons between VG & CEV)
Maturity 
Conclusion and Future Work
Regardless of the closeness of the vanilla fits to different models, prices of up-and-out call options (a simple case of exotic options) differ noticeably when using different stochastic processes to calibrate the vanilla options surface.
Two models, one continuous and one purely discontinuous were calibrated to single maturities: (V G and CEV models.) It was observed that for reasonable levels of the spot price the V G model had a substantially higher price for the up and out call option.
A similar conclusion was reached when comparing the pure jump V GSA model calibrated to the surface when it is compared to its continuous local volatility counterpart.
This paper serves to document and highlight the substantial issues and open questions in the field of barrier option pricing. No doubt future research will provide greater guidance and resolution of the problems presented here.
